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1. Introduction 
Peripheral blood lymphocytes are non-dividing 
cells which synthesize small amounts of RNA and 
protein. These resting cells are stimulated when incu- 
bated in the presence of mitogens, and after a variety 
of metabolic changes which include a marked increase 
of RNA and protein synthesis, they start DNA repli- 
cation and reach a state of active proliferation [ 1,2]. 
The enhancement of protein synthesis occurring 
during the first hours after the addition of PHA to a 
lymphocyte culture does not require the synthesis of 
RNA 13-51, indicating that during this period pre- 
existing mRNA molecules and ribosomal particles are 
being utilized. Thus lymphocyte activation may 
involve regulation at the translational level besides 
other controls which might be occurring on tran- 
scription and DNA replication. 
Experiments with cell-free systems have indicated 
that the low rate of protein synthesis observed in 
unstimulated lymphocytes is probably due to the 
absence of initiation factors [6] and/or to the pres- 
ence of cytoplasmic inhibitors which block the for- 
mation of initiation complexes [7,8]. The possibility 
of a more complex control of protein synthesis in 
lymphocytes has been reinforced by the isolation of 
a new ribosome-bound translational inhibitor (TI) 
obtained from resting human lymphocytes [9]. 
Abbreviations: PHA, phytohaemagglutinin; TI, translational 
inhibitor; ATA, aurintricarboxylic acid 
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Here we show that TI, which blocks protein syn- 
thesis in cell-free extracts from stimulated lym- 
phocytes, also inhibits translation in wheat germ and 
rat liver systems, and that the inhibitory effect occurs 
at the level of polypeptide chain elongation rather 
than on protein synthesis initiation. 
2. Materials and methods 
Lymphocyte cell-free systems, ribosomes, cell sap 
and ribosomal wash fraction containing TI were pre- 
pared as in [9,10]. 
Wheat germ cell-free extracts and the in vitro poly- 
phenylalanine synthesis were performed either in one- 
or twostep reactions as in [ 1 I]. 
Rat liver free polysomes were obtained according 
to [ 121, but adding 1 O-20% of high speed super- 
natant fraction (&se) from rat liver to all the solu- 
tions in order to inhibit ribonuclease activity [ 131. 
Srse rat liver supernatant fraction was purified as 
in 1141. 
The incubation mixture for polypeptide synthesis 
with rat liver polysomes was carried out in 0.075 ml 
total vol. which contained: 20 mM Hepes-KOH 
buffer (pH 7.6); 90 mM potassium acetate; 3.5 mM 
magnesium acetate; 1 mM ATP; 0.02 mM GTP; 8 mM 
creatine phosphate; 3 l.(g creatine phosphokinase; 
2 mM dithiothreitol; 7.5 pg rat liver tRNA; 19 
unlabeled amino acids excluding methionine, 0.03 
mM each; 5 /.rCi [35S] methionine (1000 a/mm&); 
20-40 pg supernatant fraction protein and 0.5 
A260 unit of polyribosomal suspension. Aurintricar- 
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boxyhc acid, sparsomyc~ or ribosomal wash fraction 
from lymph~ytes were added as indicated in each 
experiment. The incubation was performed at 27°C 
and 10 pI aliquots were taken from the reaction mix- 
ture at different times. After treatment with 0.3 N 
NaOH at 37°C for 15 min the incorporation of radio- 
activity into trichloroacetic acid-~soluble material 
was determined. 
Peptidyl-puromycin synthesis was measured with 
rat liver polysomes essentially as in [ 1.51 in 50 mM 
Tris-acetate buffer (pH 7.9); 5 mM MgClz and 
10 E.IM ~3H]puromycin (5.7 Ci/mmoi). KC1 was 
added as indicated in each case. 
3. Results and discussion 
An inhibitory factor (TI) of polypeptide synthesis 
can be released by washing ribosomes of resting 
human lymphocytes with solutions containing KC1 
at high concentration [9]. Ribosomal particles of 
PHA-stimulated lymphocytes treated in a similar 
way liberate only very little or no inhibitory activ- 
ity [9]. 
The ~hibitorwas able to block tr~slation directed 
either by polyfU) or endogenous mRNA in homolo- 
gous cell-free systems prepared from activated lym- 
phocytes, and the kinetics of this inhibition strongly 
suggested that polypeptide synthesis was affected 
at the step of elongation [9]. To confirm this possi- 
bility we have measured the effect of TI on different 
eucaryotic ell-free systems, such as wheat germ and 
rat liver extracts. Fig.1 shows that the ribosome- 
bound factor from resting lymphocytes also inhibited 
markedly the translation programmed by poly(U) 
and endogenous mRNA in wheat germ and rat liver 
systems, respectively. However, the ribosomal wash 
fraction from stimulated cells provoked only a slight 
inhibition in both cases. These results, almost identi- 
cal to those reported with lymphocyte xtracts [9], 
allowed us to start a more detailed study of the 
mechanism of TI action without using human lym- 
phocytes for the preparation of cell-free systems 
required to test the factor. 
Polyphenylalanine synthesis can be carried out in 
wheat germ extracts either in a single step at 6 mM 
Mg2+ or in a two-step incubation including a first 
step at 6 mM Mg2* during which a poly(U)-ribosome 
complex is formed in the absence of labeled ammo 
acids, followed by a second incubation after adjust- 
ing the final Mg2* levels to 2 mM with the simulta- 
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Fig.1. Effect of ribosomal wash fraction obtained from rest- 
ing (e) and stimulated lymphocytes (0) on polypeptide syn- 
thesis: (A) polyphenylaianine synthesis in a wheat germ 
extract carried out in a one-step reaction; (B) polypeptide 
synthesis directed by endogenous mRNA in the rat liver 
system. Assays were performed as in section 2. Control reac- 
tion mixtures without ribosomal wash fractions (100% 
values) were 51 530 cpm for [14C]pheny~~ni~e incorpora- 
tion (A) and 103 945 cpm for [3”S]methionhte incorpora- 
tion (B). Both ribosomal wash fractions contained 5 mg pro- 
tein ml. 
neous addition of radioactive phenylalanine. During 
this second step no new poly(~-ribosome com- 
plexes can be formed due to the low fMg2’] present, 
and only the elongation of polyphenylaIan~e chains 
corresponding to the complexes already formed 
during the first incubation can occur [ 111. Fig.2 
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Fig.2. Effect of TI on the kinetics of polyphenylalanine syn- 
thesis. Assays were carried out in a one-step reaction at 6 mM 
Mg’* (o,*) or in a two-step reaction (A,&) as in the text. The 
in~~oration was measured in the absence (0,~) or in the 
presence (0,~) of TI (10 pg protein). Radioactivity in the 
absence of poly(U) (220 cpm) was subtracted in each case. 
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shows that TI blocked completely the poly(U) trans- 
lation performed either in one- or two-step reactions. 
The kinetics of polyphenylalanine synthesis was 
also followed in~the absence and presence of spar- 
somycin or ATA added after 10 min incubation. 
Sparsomycin is an inhibitor of polypeptide elongation 
whereas ATA, under these conditions, blocks all the 
initiations due to the late binding of poly(U) to 
ribosomes. Therefore, sparsomycin caused an imme- 
diate cessation of translation while ATA decreased 
the polypeptide formation only after a long delay 
(fig.3). The addition of TI to the reaction inhibited 
polyphenylalanine synthesis with the same kinetics 
as sparsomycin, supporting the idea that TI acts at 
the level of elongation. It is worth mentioning that 
TI does not inhibit aminoacyl-tRNA formation (not 
shown). 
Since translation with poly(U) does not initiate 
in the same way as with natural mRNAs we have 
also used a polysomecontaining rat liver system to 
investigate further the level of TI action. The results 
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Fig.3. Comparative effects of ATA, sparsomycin and TI on 
the kinetics of poly(U) translation in wheat germ extracts. 
Polyphenylalaline synthesis was carried out ina one-step-reac- 
tion at 6 mM Mg*+~without any addition (o), or adding 7 X 
lo-’ M ATA (A), 7 X lo-’ M sparsomycin (A) or 19 rg TI 
(0) after 10 min incubation, as indicated by the arrow. 
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Fig.4. Effects of ATA, sparsomycin and TI on the kinetics 
of polypeptide synthesis in rat liver polysomes. Reaction 
mixtures were as in section 2. Polypeptide synthesis was 
performed without any addition (o), or with the addition 
of 7 X 1 0T5 M ATA (A), 7 X 1 O-’ M sparsomycin (A) or 
10 pg TI (0) after 10 min incubation. 
in fig.4 show that ATA was able to block polypep- 
tide synthesis of rat liver polysomes after a lag of 
S-10 min during which all growing peptides had 
presumably been completed. This fact indicates 
that polysomes could reinitiate translation, and that 
ATA stopped completely the reinitiation process. 
However, the addition of sparsomycin inhibited 
polypeptide synthesis instantaneously as would be 
expected of an inhibitor of elongation. The effect 
of TI on the rat liver polysome system was again 
identical to that observed with sparsomycin. 
Peptide bond formation is one of the reactions 
involved in the elongation process. Peptidyl-puromycin 
synthesis carried out with polysomes has been used to 
measure transpeptidation [ 151. We have studied the 
effect of TI on this reaction using rat liver polysomes 
and radioactive puromycin. Fig.5 shows that TI 
decreased rastically the peptidyl transferase reaction 
in a wide range of salt concentration. This inhibition 
was somewhat variable with different TI preparations 
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Fig.5. TI effect on peptidyl-puromycin formation. Transpep- 
tidation reaction was carried out as in section 2 at the indi- 
cated [K+], in the absense (0) or presence (0) of TI (10 pg 
protein. 
even though all of them blocked polypeptide syn- 
thesis almost completely. 
These data confirm our conclusion that an inhibi- 
tory factor affecting polypeptide elongation can be 
extracted from ribosomal particles of human resting 
lymphocytes. This factor, which disappears upon 
lymphocyte activation by PHA, might participate in a 
multiple translational control responsible for the low 
levels of polypeptide synthesis in unstimulated lym- 
phocytes. 
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